This paper introduces an inverse differential demand system that has exactly the same form as the corresponding direct version. Its application is illustrated with the case of Australian fruit, whose prices were substantially affected by Severe Tropical Cyclone Larry in 2006. * We would like to acknowledge the help of Josh Ellis of the Perth Market Authority for assistance with the data. We have benefited from helpful discussions with Ernst Berndt and Keith McLaren, as well as comments on an earlier draft from Grace Gao and Callum Jones. This research was supported in part by the ARC.
1. Introduction
An inverse demand system expresses prices as a function of quantities, and can be used when markets are supplied constrained.
1 This paper introduces a case in which the form of the differential inverse is exactly the same of the corresponding direct demand system, and applies it to fruit, whose prices were substantially affected by Severe Tropical Cyclone Larry in 2006.
A Demand System and its Inverse
Let it p , it q be the price and per capita quantity consumed of good i ( 1,..., ) i n = in period t, Selvanathan's (1985) model is: A further attraction of model (2.1) is that its inverse is easily obtained. 
The inverse system is then As the supply of fruit in any month is mostly determined by previous prices and past growing conditions, rather than the current price, it would seem appropriate to treat prices as determined by the quantities available as in the inverse approach.
We estimate equation (2.2) for 1,..., 6 i = (one equation is redundant) as a SUR system under the assumption that the disturbances are serially uncorrelated and have a constant covariance matrix. As can be seen from column 2 of Panel A of Table 1 , there is little evidence of autonomous trends in the prices and a test of the joint significance of the intercepts gives z on the left-hand side, but not a similarly marginally-deflated quantity on the right (Theil, 1976, Sec 9.5) . The same comment applies to the CBS system of Keller (1984) and Keller and van Driel (1985) . It is to be noted that there is a related concept of self-duality of preferences. Preferences are self-dual if the utility function ( ) Houthakker (1965) and Sato (1976) . The differences between self-duality and self-reflectivity are that (i) the former applies to levels of variables, while the latter applies to differentials; and (ii) differential demand systems are not associated with any particular algebraic form of the utility function. 3 For the sources and a listing of the data, see the Appendix.
3 own-price flexibilities, evaluated at mean budget shares , i w lie between -0.3 and -0.4, which is a reasonable range. For comparison, Panel B of the table presents the estimates of the corresponding direct demand equations and the last column reveals that the own-price elasticities are scattered around -0.4. As these are too low (in absolute value) for such finely disaggregated goods as individual fruits (Clements, 2008) , this would seem to favour the inverse model. Figure 1 ) and to possibly have spillover effects on the prices of related fruits.
5 Table 2 contains summary measures of the fruit basket. Columns 2 and 3 give the Divisia price and volume indexes, defined above, while columns 4 and 5 contain the corresponding variances:
The Divisia price-quantity correlation, defined as ,
is given in column 6. As can be seen, the majority of the correlations are negative, indicating the tendency of consumers to move away from (toward) those fruits with above-(below-) average price increases.
As bananas account for almost 40 percent of purchases of fruit (see Table 5 ), the large price increases caused by Larry had substantial negative impacts on fruit eaters. But part of the reduction in consumer surplus is a transfer to surviving banana producers and if we net out the transfer, the welfare cost remains. This can be expressed as
∆ is a vector of price changes attributable to Larry and S is the corresponding substitution matrix (Harberger, 1964) γ β β ′ = The intuition is that if the model fits the data well, so that 2 1, R ≈ the observations are "close" to the regression line, the direction of minimisation of the sum of squared residuals is unimportant and the OLS estimate of the reciprocal coefficient β ′ is approximately equal to the inverse of the direct estimate 1 β ; and as the quality of the fit declines, the latter approximation becomes worse. Our estimate of the elasticity of substitution and its inverse are both of the order of 0.4. Although our case is a multivariate equation system, these results could be loosely interpreted as saying that an overall measure of fit of the system is something like where pt V is the Divisia price variance (4.1). In words, the welfare cost is proportional to the Divisia price variance, where the proportionality factor is / 2 κ − . Selvanathan's model means that the cross-price terms in the general expression for the welfare cost are transformed into the Divisia price index in the variance, so that the quadratic form becomes a (weighted) sum of squares.
A back-of-the-envelope calculation is sufficient to illustrate the application of (4.2) to the cost of Larry. From Table 1 
Demand Equations
A Marshallian demand equation for good i is
Defining ij s as the compensated price slope of the demand equation and using the Slutsky decomposition
q dp s dp M
Multiplying both sides of the above equation by i p M and using the identity
log log log , 
Selvanathan's Model
Consider the th i equation of the infinitesimal-change version of Selvanathan's (1985) model:
log log log log log ,
where 
where ij δ is the Kronecker delta.
The Welfare Cost
If on account of some distortion, the n prices change by 1 , , , n dp dp … then Harberger's (1964) measure of the welfare cost is ( )
W dp s dp
this can be expressed equivalently as
In words, the welfare cost as a fraction of income is proportional to a quadratic form in the n price log-changes, with proportionality factor 1 2. − The matrix in this quadratic form is the n n × Slutsky matrix ij π     . As this matrix is negative semidefinite with rank n-1 (it is singular because of homogeneity), the welfare cost (A4) is nonnegative; it is zero when all prices change proportionately.
When the Slutsky coefficients take the form (A3), the cost (A4) becomes 6 ( ) (
log log log log log 2 2 n n n
The term on the far right of the above can be written as (
log log log log log . 2
log log 0, 
be a vector of the n price log-changes, so that ( ) 
